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Description 

Background of the Invention 

1. Field of the Invention 

[0001] The present invention relates to a front/rear 
wheel torque distribution control apparatus applied to a 
four-wheel drive vehicle, which variably controls a driv- 
ing torque distribution to a front wheel and a rear wheel 
by controlling a tightening torque of an electronic control 
clutch. 

2. Description of the Related Art 

[0002] A technology has been heretofore known, in 
which in the case where a four-wheel drive vehicle hav- 
ing an electronic control clutch for controlling a torque 
distribution transmitted to front and rear wheels is 
mounted with a tire having a diameter different from that 
of a tire originally mounted thereon (hereinafter the tire 
having the diameter different from that of the tire origi- 
nally mounted is referred to as a different-diameter tire, 
and the tire originally mounted is a normal-diameter 
tire), after the different-diameter tires are detected, a 
front/rear wheel distributed torque is not controlled (an 
alarm alone is raised) or the front/rear distributed torque 
is made close to a two-wheel drive side (see Japanese 
Patent Application Laid-Open No. 4(1 992) -1 03433). 

Summary of the Invention 

[0003] However, the conventional front/rear wheel 
torque distribution control apparatus of the four-wheel 
drive vehicle has the following problems. 
[0004] When the distribution torque is large despite of 
an increase of a vehicle speed (a clutch tightening 
state), a difference of a rotation speed between the front 
wheel and the rear wheel, which is produced by the dif- 
ferent-diameter tires, cannot be absorbed by a relative 
rotation of a plate of the electronic control clutch. A drive 
train may be adversely affected as long as a driver does 
not cope with such a situation with replacement of the 
tire with new one and the like. 

[0005] When the torque distribution is made to be a 
sufficiently small constant value (two-wheel drive side), 
four-wheel drive performance in which a good starting 
characteristic is to be obtained in starting a vehicle is 
deteriorated. 

[0006] The first object of the present invention is to 
provide a front/rear wheel torque distribution control ap- 
paratus of a four-wheel drive vehicle capable of reduc- 
ing bad influence of different-diameter tires on a drive 
train without damaging inherent four-wheel drive per- 
formance enhancing a starting property at the time of a 
start of the vehicle at which large front/rear wheel distri- 
bution torque is required. 

[0007] The second object of the present invention is 
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to provide a front/rear wheel torque distribution control 
apparatus of a four-wheel vehicle capable of securing 
the lowest four-wheel drive performance in a normal 
running state of a vehicle by allowing a front/rear wheel 

5 distribution torque to approach to a torque at the time 
normal tires are mounted thereon. 
[0008] To achieve the first object of the present inven- 
tion, a first aspect of the present invention provides a 
front/rear wheel torque distribution control apparatus of 

10 a four-wheel drive vehicle having an electronic control 
clutch for controlling a torque distribution to front and 
rear wheels, in which one of the front and rear wheels 
is a main drive wheel and the other is a subsidiary drive 
wheel, 

is the front/rear wheel torque distribution control ap- 

paratus comprising: 

a tire diameter difference degree detector for de- 
tecting a degree of a diameter difference between 
20 a different-diameter tire and a normal -diameter tire 
(hereinafter referred to as a degree of a diameter 
difference) when any of the front and rear wheels 
mounts the different-diameter tires; 
a driver request torque calculator for calculating a 
25 driver request torque transmitted from the main 
drive wheel to the subsidiary drive wheel via the 
electronic control clutch in response to an operation 
of a driver; 

a vehicle speed detector for detecting a vehicle 

30 speed; 

a starting time limit speed determiner for making a 
starting time limit speed in which a torque at the time 
of starting the vehicle is limited by a vehicle speed 
lower as the degree of the tire diameter difference 

35 detected by the tire diameter difference degree de- 
tector is larger; and 

a starting time torque distribution controller for out- 
putting an instruction to obtain the driver request 
torque calculated by the driver request torque cal- 
40 culator to the electronic control clutch until the ve- 
hicle speed becomes equal to a starting time limit 
vehicle speed determined by the starting time limit 
speed determiner when the vehicle mounts the dif- 
ferent-diameter tires. 

45 

[0009] In the first aspect of the present invention, the 
tire diameter difference degree detector delects the de- 
gree of the diameter difference when the vehicle mounts 
the different-diameter tires on any of the front and rear 

so wheels. In response to the operation of the driver, the 
driver request torque calculator calculates the driver re- 
quest torque transmitted via the electronic control 
clutch. The vehicle speed detector detects the vehicle 
speed. When the detected degree of the tire diameter 

55 difference is higher than a setting value, the starting time 
limit speed determiner determines the limit torque so as 
to be smaller as the degree of the diameter difference 
is lager 
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[0010] When the vehicle mounted with the different- 
diameter tires starts, the starting time torque distribution 
controller outputs an instruction to obtain the driver re- 
quest torque calculated by the driver request torque cal- 
culator to the electronic control clutch until the detected s 
vehicle speed becomes equal to the starting time limit 
vehicle speed. The torque distribution transmitted to the 
front and rear wheels is control to a four-wheel drive 
side. 

[0011] Specifically, atthetimeof starting of the vehicle 10 
when the front/rear wheel rotation speed difference oc- 
curs due to a large drive slip, a distribution of the drive 
torque to the four wheels as evenly as possible and ac- 
quisition of a starting property suppressing the drive slip 
are wished. However, when a torque distribution control 15 
is performed for the vehicle mounted with the different- 
diameter tire just in the same manner for the vehicle 
mounted with the normal-diameter tire and a perfect 
clutch tightening state is maintained because of a large 
front/rear wheel distribution torque in spite of an in- 20 
creased vehicle speed, the front/rear wheel rotation 
speed difference caused by the different-diameter tire 
cannot be absorbed by the electronic control clutch , and 
a twist torque occurs in a drive train (drive system). Fur- 
thermore, when a clutch tightening force is not sufficient- 25 
ly high, the front/rear wheel rotation speed difference 
caused by the different-diameter tire can be absorbed 
by a relative rotation of a clutch plate. However, a high 
friction heat is generated because of the relative rotation 
in the state where the clutch tightening force is applied, 30 
so that deterioration of the clutch due to heat is promot- 
ed. In any case, if a driver does not cope with such a 
situation by some countermeasures such as replace- 
ment of the tire with new one, a drive train including the 
electronic control clutch is adversely affected. 35 
[0012] On the other hand, when the torque distribution 
to the front and rear wheels is made to be close to a two- 
wheel drive side in starting of the vehicle mounted with 
the different-diameter tires, the adverse influence on the 
drive train is removed. However, a high starting property 40 
utilizing a four-wheel drive performance cannot be ob- 
tained at the time of starting of the vehicle. 
[001 3] Accordingly, a vehicle speed (starting time limit 
vehicle speed) which preferentially permits the torque 
distribution to the front and rear wheels at the time of 45 
starting of the vehicle is switched in accordance with the 
degree of the tire diameter difference. 
[0014] Thus, under the restricted condition that the 
driver request torque is output until the vehicle speed 
becomes equal to the starting time limit vehicle speed, so 
the four-wheel drive performance can be displayed by 
the driver request torque. 

[001 5] Accordingly, at the time of starting of the vehi- 
cle where a large front/rear wheel distribution torque is 
necessary, it is possible to reduce the adverse influence 55 
on the drive train owing to the different-diameter tire 
without damaging the inherent four-wheel drive per- 
formance enhancing the starting property. 



[0016] To achieve the second object of the present in- 
vention, a second aspect of the present invention pro- 
vides a front/rear wheel torque distribution control ap- 
paratus of a four-wheel drive vehicle having an electron- 
ic control clutch for controlling a torque distribution to 
front and rear wheels, 

the front/rear wheel torque distribution control ap- 
paratus comprising: 

a tire diameter difference degree detector for de- 
tecting a degree of a diameter difference when any 
of front and rear wheels mounts different-diameter 
tires; 

a normal running time detector for detecting a nor- 
mal running time of the vehicle; 
a normal running torque gain determiner for deter- 
mining a normal running torque gain to be a torque 
gain smaller than a torque gain at the time when 
normal-diameter tires are mounted as the degree 
of the diameter difference detected by the tire diam- 
eter difference degree detector is larger, when any 
of the front and rear wheels mounts the different- 
diameter tires; 

a normal running torque calculator for calculating a 
normal running torque by multiplying a front/rear 
wheel rotation speed difference by the torque gain 
determined by the normal running torque gain de- 
terminer; and 

a normal running time torque distribution controller 
for outputting an instruction to obtain the normal 
running torque calculated by the normal running 
torque calculator to the electronic control clutch, 
when the vehicle makes normal running with the dif- 
ferent-diameter tires mounted on any of the front 
and rear wheels thereof. 

[0017] In the second aspect of the present invention, 
the tire diameter difference degree detector detects the 
degree of the diameter difference when any of the front 
and rearwheels mounts the different-diameter tires. The 
normal running time detector detects the normal running 
time of the vehicle. The normal running torque gain de- 
terminer determines the normal running torque gain to 
be the torque gain smaller than the torque gain at the 
time when the normal-diameter tires are mounted as the 
degree of the diameter difference detected by the tire 
diameter difference degree detector is larger, when any 
of the front and rear wheels mounts the different-diam- 
eter tires. The normal running torque calculator calcu- 
lates the normal running torque by multiplying the front/ 
rear wheel rotation speed difference by the torque gain 
determined by the normal running torque gain determin- 
er. 

[0018] The normal running time torque distribution 
controller outputs the instruction to obtain the calculated 
normal running torque to the electronic control clutch, 
when the vehicle makes the normal running with the dif- 
ferent-diameter tires mounted on any of the front and 
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rear wheels thereof, and the torque distribution trans- 
mitted to the front and rear wheels is controlled. 
[0019] Specifically, when the torque distribution con- 
trol corresponding to the front/rear wheel rotation speed 
difference is performed for the vehicle mounted with the 5 
different-diameter tire just in the same manner for the 
vehicle mounted with the normal-diameter tire, the front/ 
rear wheel distribution torque becomes larger in accord- 
ance with an amount of the front/rear wheel rotation 
speed difference caused due to the different-diameter 
tire. 

[0020] Accordingly, when the vehicle makes the nor- 
mal running with the different-diameter tires mounted 
thereon, the front/rear wheel distribution torque caused 
by the front/rear wheel rotation speed difference due to 
the different-diameter tire is suppressed by switching 
the torque gain in accordance with the degree of the di- 
ameter difference. 

[0021] With such an operation, by switching the 
torque gain, it is possible to remove or reduce an influ- 
ence of an increase in the front/rear wheel distribution 
torque owing to the different-diameter tire, and hence 
the front/rear wheel distribution torque becomes close 
to a torque of a vehicle mounted with normal-diameter 
tires. 

[0022] Thus, in the normal running of the vehicle 
mounted with the different-diameter tires, the minimum 
four-wheel drive performance can be secured by allow- 
ing the front/rear wheel distribution torque to be close 
to a torque at the time the vehicle mounts the normal 
-diameter tires. 

Brief Description of the Drawings 
[0023] 

Fig. 1 is a block diagram showing a total system of 
a front/rear wheel torque distribution control appa- 
ratus of a four-wheel drive vehicle in an embodi- 
ment 1 . 

Fig. 2 is a schematic view showing an electronic 
control clutch used for the front/rear wheel torque 
distribution control apparatus of the four-wheel ve- 
hicle. 

Figs. 3A is a perspective view showing a cam mech- 
anism of the electronic control clutch used for the 
front/rear wheel torque distribution control appara- 
tus of the four-wheel vehicle. 
Fig. 3B is an explanatory view for explaining an op- 
eration of the cam mechanism of Fig. 3A. 
Fig. 4 is a flowchart showing a different-diameter 
tire detection processing performed by a four-wheel 
drive controller used for the front/rear wheel torque 
distribution control apparatus of the four-wheel ve- 
hicle. 

Fig. 5 is a diagram showing a distribution torque 
characteristic showing a different-diameter tire de- 
tection condition, in which a horizontal axis shows 
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a vehicle speed. 

Fig. 6 is a diagram of a clutch temperature charac- 
teristic showing a different-diameter tire detection 
time. 

Fig. 7 is a diagram showing a front/rear wheel rota- 
tion speed difference characteristic showing noise 
influence depending on a different-diameter tire de- 
tection time. 

Fig. 8 is a flowchart showing a flow of a front/rear 
wheel torque distribution control processing execut- 
ed by a four-wheel drive controller used for the front/ 
rear wheel torque distribution control apparatus of 
the four-wheel vehicle. 

Fig. 9 is a diagram showing a starting time limit ve- 
hicle speed and a starting time limit torque charac- 
teristic determined in accordance with a degree of 
a diameter difference. 

Fig. 1 0 is (a) a diagram showing a torque gain char- 
acteristic when the vehicle makes normal running 
and (b) a diagram showing a normal running torque 
characteristic forthe front/rear wheel rotation speed 
difference. 

Fig. 11 is a timing chart showing a four-wheel drive 
distribution torque characteristic in a starting time 
control region and a normal running time control re- 
gion. 

Detailed Description of the Preferred Embodiment 

[0024] Embodiments of the present invention will be 
described with reference to the accompanying drawings 
below. 

Embodiment 1 

[0025] A constitution of a first embodiment will be de- 
scribed. Fig. 1 is a block diagram showing a total system 
of. a front/rear wheel torque distribution control appara- 
tus of a four-wheel drive vehicle in the embodiment 1 . 
Reference numeral 1 denotes an engine; 2, a transmis- 
sion; 3, a front differential; 4 and 5, a drive shaft of a 
front wheel; 6 and 7, left and right front wheels; 8, a 
transfer; 9, a propeller shaft; 10, an electronic control 
clutch; 11, a rear differential; 12 and 13, a drive shaft of 
a rear wheel; and 14 and 15, left and right rear wheels. 
[0026] Specifically, the four-wheel drive vehicle 
shown in Fig. 1 is constituted based on a FF vehicle 
(front-engine and front-drive vehicle) in which a drive 
torque passing through the engine 1 and the transmis- 
sion 2 is transmitted to the left and right front wheels 6 
anc*7, and transmits a part of the drive torque to the left 
and right rear wheels 14 and 15 via the electronic control 
clutch 10. In terms of a drive force distribution ratio (%), 
the drive distribution ratio of the front wheel to the rear 
wheel is 100 : 0 (%) when the electronic control clutch 
1 0 is in a tightening released state. When the electronic 
control clutch 10 is in a completely tightening state, the 
drive force distribution ratio of the front wheel to the rear 
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wheel is 50 : 50 (%), that is, the drive torque is distrib- 
uted evenly to the front and rear wheels. The drive dis- 
tribution ratio for the rear wheel is controlled steplessly 
at a range of 0 % to 50 % in accordance with a tightened 
level of the electronic control clutch 1 0. 
[0027] The electronic control clutch 1 0 is controlled by 
a drive current from a four-wheel drive controller 1 6. To 
the four-wheel drive controller 16, input are a mode 
switching signal from the mode changeover switch 17, 
an engine speed signal from an engine speed sensor 
18, an acceleration opening degree signal from an ac- 
celeration opening degree sensor 19, a left front wheel 
speed signal from a left front wheel speed sensor 20, a 
right-front wheel speed signal from a right front wheel 
speed sensor 21 , a left rear wheel speed signal from a 
left rear wheel speed sensor 22 and a right rear wheel 
speed signal from a right rear wheel speed sensor 23. 
The drive current is output from the four-wheel drive 
controller 16 to an electro-magnetic solenoid 24 of the 
electronic control clutch 10, and a display instruction is 
output to an indicator 25 from the electronic control 
clutch 10. A lightning alarm instruction is output from the 
electronic control clutch 10 to an alarming lamp and 
alarm 26. 

[0028] Fig. 2 is a schematic view showing the elec- 
tronic control clutch 10. Figs. 3A and 3B are a perspec- 
tive view showing a cam mechanism of the electronic 
control clutch 1 0 and an explanatory view for explaining 
an operation of the electronic control clutch 10, respec- 
tively. 

[0029] In Fig. 2 and Figs. 3A and 3B, reference nu- 
meral 24 denotes the electro-magnetic solenoid; 27, a 
clutch input shaft; 28, a clutch output shaft; 29, a clutch 
housing; 30, an armature; 31 , a control clutch; 32, a con- 
trol cam; 33, a main cam; 34, a pole; 35, a main clutch; 
and 36, a cam groove. 

[0030] The clutch input shaft 27 has one end coupled 
to the propeller shaft 9, and has the other end fixed to 
the clutch housing 29. The clutch output shaft 28 is fixed 
to an input gear of the rear differential 11 . 
[0031] The control clutch 31 is one located so as to 
be installed between the clutch housing 29 and the con- 
trol cam 32, and the main clutch 35 is one located so as 
to be installed between the clutch housing 29 and the 
clutch output shaft 28. 

[0032] The cam mechanism as shown in Figs. 3A and 
3B is constructed by the control cam 32, the main cam 
33 and the pole 34 held between the cam grooves 36 
and 36 formed in the cams 32 and 33. 
[0033] Herein, a tightening operation of the electronic 
control clutch 10 will be described. First, when current 
is made to flow through the electro-magnetic solenoid 
24 in response to an instruction from the four-wheel 
drive controller 16, magnetic field is generated around 
the electro-magnetic solenoid 24, and the armature 30 
is allowed to approach to the control clutch 31 . The con- 
trol clutch 31 is pushed by the armature 30 that has ap- 
proached thereto, so that the control clutch 31 gener- 



ates a friction torque. The friction torque generated in 
the control clutch 31 is transmitted to the control cam 32 
of the cam mechanism. The torque transmitted to the 
control cam 32 is amplified/converted to a torque in a 
5 shaft direction through the cam grooves 36 and 36 and 
the pole 34, and this torque pushes the main cam 33 
toward the front. The main cam 33 pushes the main 
clutch 35, thus producing a friction torque in proportion 
to a current value in the main clutch 35. The torque gen- 
10 erated in the main clutch 35 passes through the clutch 
output shaft 28, and then is transmitted to the rear dif- 
ferential 11 as a drive torque. 
[0034] Next, an operation will be described. 
[0035] Fig. 4 is a flowchart showing a flow of a differ- 
15 ent-diameter tire detection processing executed by the 
four-wheel drive controller 1 6 , and explanations for each 
step of the flow are made as follows. 
[0036] In step 40, read are a left front wheel speed 
VFL from the left front wheel speed sensor 20, a right 
20 front wheel speed VFR from the right front wheel speed 
sensor 21 , a left rear wheel speed VRL from the left rear 
wheel speed sensor 22, a right rear wheel speed VRR 
from the right rear wheel speed sensor 23 and a drive 
current A (a value equivalent to a front/rear wheel dis- 
25 tribution torque) output from the four-wheel drive con- 
troller 16 to the electro-magnetic solenoid 24. 
[0037] In step 41, it is decided whether the vehicle 
speed V is equal to a setting vehicle speed VO or more. 
If the vehicle speed V is equal to the setting vehicle 
30 speed V0 or more, the process advances to step 42, 
and if the vehicle speed V is not equal to the setting ve- 
hicle speed V0 or more, the process advances to step 
52. Herein, the vehicle speed V may be obtained from 
an average value of the left and right rear wheel speeds 
35 VRL and VRR. Alternatively, the vehicle speed V may 
be obtained by use of vehicle speed information from a 
vehicle speed sensor outside the drawing. Moreover, 
the setting vehicle speed V0 is set to a vehicle speed 
value at which a difference of a rotation speed between 
40 the front and rear wheels (hereinafter referred to as a 
front/rear wheel rotation speed difference), which is 
generated by the different-diameter tire, becomes large 
and clear. 

[0038] In step 42, it is decided whether the drive cur- 
45 rent A is equal to a setting drive current AO or less. If the 
drive current A is equal to the setting drive current AO 
or less, the process advances to step 43, and if the drive 
current A is not equal to the setting drive current AO or 
less, the process advances to step 52. Herein, the set- 
50 ting drive current AO is, as shown in Fig. 5, a drive cur- 
rent value when the distribution torque is TO. 
[0039] In step 43, when both of vehicle speed condi- 
tions in step 41 and drive current conditions in step 42 
are established, the difference A V of the rotation speed 
55 between the front and read wheels is calculated, and 
the process advances to step 44. This difference A V of 
the rotation speed between the front and rear wheels is 
obtained from a difference between an average value 
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of a front wheel speed VF ( = ( VFL + VFR )/2) and an 
average value of a rear wheel speed VR ( = ( VRL + 
VRR)/2). 

[0040] In step 44, the difference A V of the rotation 
speed between the front and rear wheels, which is ob- 
tained by the calculation, is stored in a memory, and the 
process advances to step 45. 

[0041] In step 45, a timer value TMR is set to TMR + 
1 , and the process advances to step 46. 
[0042] In step 46, it is decided whether the timer value 
TMR is equal to a setting timer value TMRO or more. If 
the timer value TMR is not equal to the setting timer val- 
ue TMRO or more, the process returns to step 40, and 
a processing to increase data concerning the difference 
of the rotation speed between the front and rear wheels 
is executed until the timer value TMR becomes equal to 
the setting timer value TMRO. If the timer value TMR is 
equal to the setting timer value TMRO or more, the proc- 
ess advances to step 47. Herein, when a different-diam- 
eter tire having the maximum degree of the diameter dif- 
ference among the degrees of the diameter difference 
that can be assured is used, the setting timer value 
TMRO is set to a time 'slightly shorter than a diameter 
difference detection time. As shown in Fig. 6, the diam- 
eter difference detection time is obtained by subtracting 
a margin time from a limit time previously measured, at 
which a clutch temperature becomes a limit to use the 
clutch by a tightening torque generated by the difference 
of the rotation speed between the front and rear wheels. 
[0043] In step 47, it is decided whether an average 
value A VAVE of the difference of the rotation speed be- 
tween the front and rear wheels that is an average value 
of a plurality of data concerning the difference of the ro- 
tation speed between the front and rear wheels stored 
is equal to a diffe rent-diameter tire threshold value A V0 
or more. If A VAVE^ A V0 is established, the process 
advances to step 48. At this time, it is decided that the 
vehicle mounts a normal-diameter tire. On the other 
hand, if A VAVE> A V0 is established, the process ad- 
vances to step 49, and it is decided that the vehicle 
mounts a different-diameter tire. Herein, the different- 
diameter tire threshold value A V0 is set to a value of 
the maximum front/rear wheel rotation speed difference 
level generated by changes of tire air pressure. 
[0044] In step 49, it is decided whether the average 
value A VAVE of the difference of the rotation speed be- 
tween the front and rear wheels is equal to a large di- 
ameter difference degree threshold value AV1 or more. 
When A VAVE< A V1 is established, the process ad- 
vances to step 50. At this time, it is detected that the 
vehicle mounts a different-diameter tire showing a small 
degree of a diameter difference. On the other hand, 
when A VAVE^ A V1 is established, the process ad- 
vances to step 51. At this time, it is detected that the 
vehicle mounts a different-diameter tire showing a large 
degree of the diameter difference. Herein : the large di- 
ameter difference degree threshold value A V1 is set to 
a value of a front/rear wheel rotation speed difference 



level generated when a difference of a tire diameter be- 
tween the front and rear wheels is 1 inch in an ordinary 
car. 

[0045] In step 52, when the condition either in step 41 
s or in step 42 is not satisfied, or when any detection of 
steps 48, 50 and 51 is finished, the timer value TMR is 
cleared. 

Different-diameter tire detection operation 

10 

[0046] In detecting the different-diameter tire, when 
the vehicle speed V is equal to the setting vehicle speed 
V0 or more in step 41 , and then when the condition that 
the drive current A is equal to the setting drive current 

15 AO or less is established in step 42, a front/rear wheel 
rotation speed difference A V that is detection data of 
the tire diameter difference is computed in step 43 and 
then stored in steps 44. The calculation of the front/rear 
wheel rotation speed difference A V and storing of the 

20 data concerning the front/rear wheel rotation speed dif- 
ference A V are repeatedly executed as long as these 
two conditions are satisfied. When this data collection 
time exceeds a time set in step 46, the process advanc- 
es to step 47, and it is decided what sort of tires including 

25 a normal-diameter tire and a different-diameter tire the 
vehicle mounts. When it is decided that the vehicle 
mounts the different-diameter tire, the process advanc- 
es to step 49. In step 49, it is detected based on the 
detection data concerning the degree of the diameter 

30 difference whether the degree of the diameter difference 
is large or small. 

[0047] As described above, since the vehicle speed 
condition that the vehicle speed V is equal to the setting 
vehicle speed VO or more is set to one of the different- 

35 diameter tire detection conditions, the front/rear wheel 
rotation speed difference becomes large and clear. 
[0048] Furthermore, since the drive current condition 
that the drive current A is equal to the setting drive cur- 
rent AO or less is set to one of the different-diameter tire 

40 detection conditions, the fact that the drive current A is 
comparatively small, which is equal to a value equiva- 
lent to a front/rear wheel distribution torque, can be es- 
timated to be a running state in which occurrence of 
drive slip between the tire and the road is little, for ex- 

45 ample, a running state in which the vehicle is running at 
a constant speed on a high friction road. 
[0049] Accordingly, the running state in which those 
two conditions are simultaneously satisfied is used as a 
detection condition of the different-diameter tire, where- 

so by the front/rear wheel rotation speed difference due to 
mounting of the different-diameter tire can be accurately 
detected, and a detection accuracy for a high degree of 
the tire diameter difference can be obtained. 
[0050] Furthermore, in detecting the different-diame- 

55 ter tire, it is decided in step 46 whether the timer value 
TMR is equal to the setting timer value TMRO or more. 
When a different-diameter tire showing the maximum 
degree of the diameter difference among the degrees 
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of the diameter difference that can be assured is used, 
the setting timer value TMRO is set to the longest pos- 
sible time before a limit time. The limit time is previously 
measured, at which a clutch temperature becomes a 
limit to use the clutch by a tightening torque generated 
by the front/rear wheel rotation speed difference. Ac- 
cordingly, the collection of the data concerning the front/ 
rear wheel rotation speed difference can be performed 
for a long time until the setting timer value TMRO. 
[0051] Therefore, as shown in Fig. 7, the different-di- 
ameter tire detection time becomes long, and it is pos- 
sible^ prevent an erroneous detection of the different- 
diameter tire due to noises from the road surface as in 
the case where the different-diameter tire detection time 
is made to be short. Torque distribution control process- 
ing 

[0052] Fig. 8 is a flowchart showing a flow of a torque 
distribution control processing executed by the four- 
wheel drive controller 1 6, and explanations for each step 
of the flow are made as follows. Note that this process- 
ing is executed with 10 msec/routine. 
[0053] In step 80, read are the vehicle speed V, the 
acceleration opening degree TH, an engine rotation 
number NE and tire information. 

[0054] Instep 81 , the driver request to rqueTDR is cal- 
culated based on the vehicle speed V, the acceleration 
opening degree TH and the engine rotation number NE. 
[0055] In step 82, it is decided whether the vehicle 
mounts the different-diameter tire or the normal-diame- 
ter tire based on tire information. When the vehicle 
mounts the different-diameter tire, the process advanc- 
es to the flow from step 84 onward. When the vehicle 
mounts the normal-diameter tire, the process advances 
to step 83, and a usual torque distribution control to ob- 
tain the distribution torque in accordance with the cal- 
culated driver request torque TDR and the front/rear 
wheel rotation speed difference is performed. 
[0056] In step 84, it is decided whether the vehicle V 
is equal to the setting vehicle speed VS or less. When 
V^VS is established, the control at the time the vehicle 
starts is performed from step 85 onward. When V>VS 
is established, the normal running control from step 97 
onward is performed. 

[0057] In step 85, it is decided whether the vehicle 
speed V is equal to the starting time limit vehicle speed 
Vlimit or less. When V^VIimit is established, the proc- 
ess advances to the flow from step 86 onward. When 
V>Vlimit is established, the process advances to step 
96. 

[0058] In step 86, it is decided whether the degree of 
the diameter difference is large or small based on the 
tire information. When the degree of the diameter differ- 
ence is small, the process advances to step 87. When 
the degree of the diameter difference is large, the proc- 
ess advances to the flow from step 89 onward. 
[0059] In step 87, the starting time limit vehicle speed 
Vlimit is determined in accordance with the degree of 
the diameter difference. Herein, in the case of the small 



degree of the diameter difference, the starting time limit 
vehicle speed Vlimit is set to a higher vehicle speed as 
the degree of the diameter difference is smaller as 
shown in Fig. 9. 
5 [0060] In step 88, an instruction (drive current) to ob- 
tain the driver request torque TDR is output to the elec- 
tro-magnetic solenoid 24 of the electronic control clutch 
10. 

[0061] In step 89, the starting time limit torque Tlimit 
10 js determined in accordance with the degree of the di- 
ameter difference. Herein, in the case of the large de- 
gree of the diameter difference, the starting time limit 
torque Tlimit is set to a lower torque as the degree of 
the diameter difference is larger as shown in Fig. 9. 
75 [0062] . In step 90, the starting time limit vehicle speed 
Vlimit is determined in accordance with the degree of 
the diameter difference. Herein, in the case of the large 
degree of the diameter difference, the starting time limit 
vehicle speed Vlimit is set to a lower vehicle speed as 
20 the degree of the diameter difference is larger as shown 
in Fig. 9. 

[0063] In step 91, it is decided whether the starting 
time limit torque Tlimit is equal to the setting torque TO 
or less. When Tlimit^TO is established, the process ad- 

25 vances to step 92, and an alarm lamp is tu med on . Then , 
an instruction to sound an alarm is output. Moreover, 
when Tlimit>T0 is established, the process advances to 
step 93, and the alarm lamp is not turned on, and no 
alarm is not sounded. 

30 [0064] In step 94, it is decided whether the staring 
time limit torque Tlimit is equal to the driver request 
torque TDR or more. When Tlimit^TDR is established, 
the process advances to step 88, and an instruction to 
obtain the driver request torque TDR is output. When 

35 Tlimit <TDR is established, the process advances to step 
95, and an instruction to obtain the starting time limit 
torque Tlimit is output. 

[0065] In step 96, when it is decided that the vehicle 
V is more than the starting time limit vehicle speed Vlim- 
40 jt, an instruction to gradually reduce the torque distrib- 
uted to the rear wheels 1 4 and 1 5 in step 88 or step 95 
is output. 

[0066] In step 97, it is decided whether the degree of 
the diameter difference of the different-diameter tire is 

45 large or small based on tire information. If the degree of 
the diameter difference is small, the process advances 
to step 98. If the degree of the diameter difference is 
large, the process advances to step 1 00. 
[0067] In step 98, the normal running torque gain K1 

so is determined based on the small degree of the diameter 
difference. 

[0068] In step 99, the normal running torque TND is 
calculated by multiplying the normal running torque gain 
K1 by the front/rear wheel rotation speed difference AV. 
55 [0069] In step 1 00, the normal running torque gain K2 
(K1 <K2) is determined based on the large degree of the 
diameter difference. 

[0070] In step 1 01 , the normal running torque TND is 
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calculated by multiplying the normal running torque gain 
K2 by the front/rear wheel rotation speed difference A V. 
[0071] Specifically, as shown in Fig. 10(a), when the 
normal running torque gain when the vehicle mounts the 
normal-diameter tire is referred to K, the normal running 
torque gain is K1 (<K) when the degree of the diameter 
difference is small, and the normal torque gain is K2 
(<K1 <K) when the degree of the diameter difference is 
large. As shown in Fig. 1 0(b), the normal running torque 
TND is calculated by multiplying the normal running 
torque gain K1 or K2 by the front/rear wheel rotation 
speed difference A V. 

[0072] In step 1 02, it is decided whether the normal 
running torque TND is equal to the driver request torque 
TDR or more. When TND^TDR is established, the proc- 
ess advances to step 88, and an instruction to obtain 
the driver request torque TDR is output. When 
TND<TDR is established, the process advances to step 
103, and an instruction to obtain the normal running 
torque TND is output. 

Control of vehicle mounted with the different-diameter 
tire at starting time 

[0073] When the vehicle mounted with the different- 
diameter tire starts, the process advances in the order 
of step 80, step 81 , step 82, step 84, step 85 and step 
86 in the flowchart of Fig. 8. For example, in the case 
where the vehicle mounts stadless tires in its front 
wheels, when a small degree of the diameter difference 
is detected, the process advances from step 86 to step 
87, and the starting time limit vehicle speed Vlimit is de- 
termined as a value which is closer to a low vehicle 
speed as the degree of the diameter difference is larger. 
The process advances to next step 88, and an instruc- 
tion to obtain the driver request torque TDR is output. 
The output of the instruction to obtain this driver request 
torque TDR is executed in step 85 until the vehicle 
speed V becomes equal to the starting time limit vehicle 
speed Vlimit determined in step 87. When the vehicle 
speed V exceeds the starting time limit vehicle speed 
Vlimit, a distribution torque is gradually reduced. 
[0074] On the other hand, in the case where the ve- 
hicle mounts temper tires in its rear wheels, when a large 
degree of the diameter difference is detected, the proc- 
ess advances from step 86 to step 89, and the starting 
time limit torque Tlimit is determined as a value which 
is closer to a low torque as the degree of the diameter 
difference is larger. In the next step 90, the staring time 
limit vehicle speed Vlimit is determined as a lower value 
as the degree of the diameter difference is large. In step 
94, it is decided whether the starting time limit torque 
Tlimit is equal to the driver request torque TDR or more. 
When Tlimit^TDR is established, the process advances 
to step 88, and an instruction to obtain the driver request 
torque TDR is output. When Tiimit<TDR is established, 
the process advances to step 95, and an instruction to 
obtain the starting time limit torque Tlimit is output. The 



output to obtain either the driver request torque TDR or 
the staring time limit torque Tlimit is executed in step 85 
until the vehicle speed V becomes equal to the starting 
time limit vehicle speed Vlimit determined in step 90. 
5 When the vehicle speed V exceeds the starting time limit 
vehicle speed Vlimit, the distribution torque is gradually 
reduced. 

[0075] As described above, when the vehicle mount- 
ed with the difference-diameter tires starts, the instruc- 

10 tion to obtain either the driver request torque TDR or the 
starting time limittorque Tlimit, which are calculated until 
the vehicle speed V becomes equal to the starting time 
limit vehicle speed Vlimit, is output to the electronic con- 
trol clutch 10, and the torque distribution transmitted to 

is the front and rear wheels is controlled to the four-wheel 
drive side. 

[0076] Specifically, at the starting time of the vehicle 
where the front/rear rotation speed difference occurs 
due to large drive slip, it is wished that-the drive torque 
20 is distributed to the four wheels as equally as possible 
and a high starting property for suppressing a drive slip 
is obtained. 

[0077] However, if the torque distribution control is 
continuously performed without any limitation to time 

25 when the vehicle mounts the different-diameter tires 
similarly to when the vehicle mounts the normal-diame- 
ter tires, when the front/rear wheel distribution torque is 
large and a perfect clutch tightening state is maintained 
though the vehicle speed increases from the starting 

30 state, the front/rear wheel rotation speed difference 
caused by the different-diameter tire cannot be ab- 
sorbed by the electronic control clutch, and a large twist 
torque occurs in the drive train. 

[0078] Furthermore, when the clutch tightening force 

35 is not sufficiently high, the front/rear wheel rotation 
speed difference caused by the different-diameter tire 
can be absorbed by the relative rotation of the clutch 
plate. However, high friction heat is generated because 
this relative rotation is generated in the state where the 

40 clutch tightening force is applied; and deterioration of 
the clutch due to heat is promoted. 
[0079] Anyway, as long as the driver does not cope 
with such a situation by replacing tires with new ones, 
the drive train including the electronic control clutch is 

45 adversely affected. 

[0080] On the other hand, assuming that the torque 
distribution to the front and rear wheels be a sufficiently 
small constant value, when the vehicle mounted with the 
different-diameter tires starts, the problem that the drive 

so train is adversely affected is removed. However, high 
starting property of the vehicle utilizing four-wheel drive 
performance cannot be obtained when the vehicle 
starts. 

[0081] Accordingly, in the present invention, the front/ 
55 rear wheel torque distribution control apparatus is con- 
stituted such that the vehicle speed (starting time limit 
vehicle speed Vlimit) which permits the torque distribu- 
tion to the front and rear wh eels preferentially at the time 
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of starting the vehicle is switched in accordance with the 
degree of the diameter difference. 
[0082] Thus, the front/rear wheel torque distribution 
apparatus of the present invention can display the four- 
wheel drive performance by the driver request torque 
TD R or the starting time limit torque Tlimit under the con- 
dition that the driver request torque TDR or the starting 
time limit torque Tlimit is output until the vehicle speed 
V becomes equal to the starting time limit vehicle speed 
Vlimit. 

[0083] Accordingly, at the time of starting the vehicle 
where a large front/rear wheel distribution torque is nec- 
essary, it is possible to reduce the adverse influence on 
the drive train owing to the different-diameter tire without 
damaging the inherent four-wheel drive performance 
enhancing the starting property. 
[0084] Furthermore, when the vehicle mounted with 
the different-diameter tire starts, the distribution torque 
by tightening the electronic control clutch 10 never ex- 
ceeds the starting time limit torque Tlimit, and the max- 
imum torque is defined as the starting time limit torque 
Tlimit. Therefore, when the vehicle mounted with the 
tires showing a large degree of the diameter difference 
starts rapidly and the driver request torque TDR ex- 
ceeds the starting time limit torque Tlimit, the adverse 
influence on the drive train originating from the exces- 
sive front/rear wheel distribution torque can be surely 
prevented. 

Control in normal running of vehicle mounted with 
different-diameter tire 

[0085] When the vehicle makes the normal running 
with different-diameter tires, the process advances from 
step 80 to step 102 through step 81 , step 82, step 84, 
step 97, step 98 (or step 100) and step 99 (or step 101) 
in the flowchart of Fig. 8. In step 1 02, it is decided wheth- 
er the normal running torque TND is equal to the driver 
request torque TDR or more. If TNDg TDR is estab- 
lished, the process advances to step 88, and an instruc- 
tion to obtain the driver request torque TDR is output. If 
TND<TDR is established, the process advances to step 
103, and an instruction to obtain the normal running 
torque TND is output. 

[0086] Specifically, when the torque distribution con- 
trol corresponding to the front/rear wheel rotation speed 
difference is performed for the vehicle mounted with the 
different-diameter tire just in the same manner for the 
vehicle mounted with the normal-diameter tire, the front/ 
rear wheel distribution torque becomes larger in accord- 
ance with an amount of the front/rear wheel rotation 
speed difference caused due to the different-diameter 
tire. 

[0087] Accordingly, when the vehicle mounted with 
the different-diameter tires makes the normal running, 
the front/rear wheel distribution torque caused by the 
front/rear wheel rotation speed difference due to the dif- 
ferent-diameter tire is limited by switching a torque gain 



according to a degree of a diameter difference. 
[0088] With such an operation, by switching the 
torque gain, it is possible to remove or reduce an influ- 
ence of an increase in the front/rear wheel distribution 
5 torque owing to the different-diameter tire, and hence 
the front/rear wheel distribution torque becomes close 
to a torque of a vehicle mounted with normal-diameter 
tires. 

[0089] Thus, in the normal running of the vehicle 
10 mounted with the different-diameter tires, the minimum 
four-wheel drive performance can be secured by allow- 
ing the front/rear wheel distribution torque to be close 
to a torque at the time the vehicle mounts the normal 
-diameter tires. 
15 [0090] Furthermore, when the vehicle makes the nor- 
mal running while mounting the different-diameter tires, 
the driver request torque TDR is selected in case that 
the normal running torque TND is equal to the driver re- 
quest torque TDR or more, whereby the distribution 
20 torque by tightening the electronic control clutch 1 0 can 
be made to be close to the driver request torque TDR 
as the upper limit target. Thus, it is possible to secure 
the four-wheel drive performance almost in accordance 
with the driver request. 

25 

Four-wheel drive distribution torque characteristic 

[0091] Fig. 11 is a timing chart showing a four-wheel 
drive distribution torque characteristic of a vehicle 

30 mounting the apparatus of the embodiment 1 , in which 
the horizontal axis is the vehicle speed. 
[0092] First, a control to obtain the driver request 
torque TDR is basically performed in the starting time 
control region shown in Fig. 11 until the vehicle speed 

35 becomes equal to the starting time limit vehicle speed 
Vlimit. Thus, a higher distribution torque is obtained 
compared to the prior art in which a small constant 
torque is given, and it is possible to secure high starting 
properties by the four-wheel drive performance. 

40 [0093] In the region where the vehicle speed exceeds 
the starting time limit vehicle speed Vlimit, the front/rear 
wheel torque distribution control apparatus is constitut- 
ed such that the distribution torque is reduced, whereby 
adverse influence on the drive train due to continuous 

45 application of a high distribution torque can be reduced. 
[0094] Furthermore, in the normal running control re- 
gion, as shown in the timing chart of Fig. 11 , a control 
to obtain a small normal running torque TND in which a 
gain is suppressed basically is performed, whereby a 

50 lower distribution torque compared to the prior art giving 
a small constant torque is brought about and the mini- 
mum four-wheel drive performance suppressing the 
drive slip can be obtained. Note that in the case where 
the driver request torque TDR is less than the normal 

55 running torque TND in the high vehicle speed region, 
the driver request torque TDR is selected from the view- 
point of securing the minimum four-wheel drive perform- 
ance. 
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Another embodiment 

[0095] In the embodiment 1 , the example of the front/ 
rear wheel torque distribution control apparatus which 
is based on the front wheel drive was described. The 
present invention can be applied to a front/rear wheel 
torque distribution control apparatus which is based on 
a rear wheel drive and an apparatus which controls a 
torque distribution to front and rear wheels by providing 
an electronic control clutch respectively in a front wheel 
drive system and a rear wheel drive system. 
[0096] In the embodiment 1 , as the electronic control 
clutch, the examples of the clutch operated by the elec- 
tro-magnetic solenoid and the clutch using the main 
clutch tightened by the torque amplified through the cam 
mechanism were shown. However, as is described in 
Japanese Patent Laid-Open No. 4(1 992)-1 03433, the 
present invention can be applied also to an apparatus 
using a multiple plate clutch tightened by controlled oil 
pressure. 

[0097] Japanese Patent Application No. 
2000-282895, filed on September 1 9, 2000, is expressly 
incorporated by reference herein in its entirety. 



Claims 

1. A front/rear wheel torque distribution control appa- 
ratus of a four-wheel drive vehicle having an elec- 
tronic control clutch (1 0) for controlling a torque dis- 
tribution to front and rear wheels (6, 7, 14, 15), in 
which one of the front and rear wheels (6,7,14,1 5) 
is a main drive wheel and the other is a subsidiary 
drive wheel, said front/rear wheel torque distribution 
control apparatus comprising: 

a tire diameter difference degree detector for 
detecting a degree of a diameter difference be- 
tween a different-diameter tire and a normal-di- 
ameter tire when any of the front and rear 
wheels (6, 7, 14, 15) mounts the different-diam- 
eter tires; 

a driver request torque calculator for calculat- 
ing a driver request torque transmitted from the 
main drive wheel to the subsidiary drive wheel 
via said electronic control clutch (10) in re- 
sponse to an operation of a driver; 
a vehicle speed detector for detecting a vehicle 
speed; 

a starting time limit speed determiner for mak- 
ing a starting time limit speed in which a torque 
at the time of starting of the vehicle is limited by 
a vehicle speed lower as the degree of the di- 
ameter difference detected by said tire diame- 
ter difference degree detector is larger; and 
a starting time torque distribution controller for 
outputting an instruction to obtain the driver re- 
quest torque calculated by said driver request 



torque calculator to the electronic control clutch 
(10) until the vehicle speed becomes equal to 
a starting time limit vehicle speed determined 
by said starting time limit vehicle speed deter- 
5 miner when the vehicle mounts the different-di- 

ameter tires. 

2. The front/rear wheel torque distribution control ap- 
paratus according to claim 1 , said front/rear wheel 
10 torque distribution control apparatus further com- 
prising: 

a starting time limit torque determiner for deter- 
mining a starting time limit torque to be a small- 
15 er value as the degree of the tire diameter dif- 

ference is larger, when the degree of the de- 
tected tire diameter difference Is larger than a 
setting value, 

wherein when the driver request torque ex- 
ceeds the starting time limit torque, said starting 
time torque distribution controller outputs an in- 
struction to obtain the starting time limit torque to 
said electronic control clutch (10). 

A front/rear wheel torque distribution control appa- 
ratus of a four-wheel drive vehicle having an elec- 
tronic control clutch (10) for controlling a torque dis- 
tribution to front and rear wheels (6, 7, 14, 15), said 
front/rear wheel torque distribution control appara- 
tus comprising: 

a tire diameter difference degree detector for 
detecting a degree of a diameter difference 
when any of front and rear wheels (6, 7, 14, 15) 
mounts different-diameter tires; 
a normal running time detector for detecting a 
normal running time of the vehicle; 
a normal running to rq u e gai n determin erf or de- 
termining a normal running torque gain to be a 
torque gain smaller than a torque gain at the 
time when normal-diameter tires are mounted 
as the degree of the diameter difference detect- 
ed by the tire diameter difference degree detec- 
tor is larger, when any of the front and rear 
wheels (6,7, 14, 15) mounts the different-diam- 
eter tires; 

a normal running torque calculator for calculat- 
ing a normal running torque by multiplying a 
front/rear wheel rotation speed difference by 
the torque gain determined by the normal run- 
ning torque gain determiner; and 
a normal running time torque distribution con- 
troller for outputting an instruction to obtain the 
normal running torque calculated by said nor- 
mal running torque calculator to said electronic 
control clutch (10), when the vehicle makes 
normal running with the different-diameter tires 
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mounted on any of the front and rear wheels (6, 
7, 14, 15) thereof. 

4. The front/rear wheel torque distribution control ap- 
paratus according to claim 3, said front/rear wheel 5 
torque distribution control apparatus further com- 
prising: 

a driver request torque calculator for calculat- 
ing a driver request torque in accordance with 10 
an operation of a driver, the driver request 
torque being transmitted via said electronic 
control clutch (10), 

wherein when the normal running torque is 15 
equal to the driver request torque or more, which is 
calculated by said driver request calculator, said 
normal running time torque distribution controller 
outputs an instruction to obtain the driver request 
torque to said electronic control clutch (10), when 20 
the normal running torque is not more than the driv- 
er request torque, said normal running time torque 
distribution controller outputs an instruction to ob- 
tain the normal running torque to said electronic 
control clutch (10). 25 

5. The front/rear wheel torque distribution control ap- 
paratus according to any one of claims 1 to 4, said 
front/rear wheel torque distribution control appara- 
tus further comprising: 30 

a front/rear wheel rotation speed difference de- 
tector for detecting a front/rear wheel rotation 
speed difference; and 

a front/rear wheel distribution torque corre- 35 
sponding value detector for detecting a front/ 
rear wheel distribution torque corresponding 
value transmitted via said electronic control 
clutch (10), 

40 

wherein said different-diameter tire detector 
detects the degree of the diameter difference based 
on a front/rear wheel rotation speed difference de- 
tected, when conditions that the vehicle speed de- 
tected by said vehicle speed detector is equal to a 45 
setting vehicle speed or more and the front/rear 
wheel distribution torque corresponding value is 
equal to a setting value or less are established. 

6. The front/rear wheel torque distribution control ap- $° 
paratus according to claim 5, wherein when differ- 
ent-diameter tires of the maximum degree of the di- 
ameter difference within an assured range of the de- 
gree of the diameter difference are used, said dif- 
ferent-diameter tire detector previously measures a 55 
time at which a clutch temperature reaches at which 

a clutch temperature becomes a limit to use the 
clutch by a tightening torque generated by the front/ 



rear wheel rotation speed difference, and a longest 
possible time before the clutch temperature be- 
comes the limit is set to a different-diameter tire de- 
tection time. 
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